centrifugation (17,ooog; I hr), washed 3 times in saline (I %, wlv) and 3 times in water, lyophilized, and weighed. Yield 30 to 60 mg. initial dry wt of bacteria. The optimum conditions for the release of KDO from wall preparations were established using wall samples of Escherichia coli MRE 600, and Klebsiella (Aerobacter) aerogenes NCTC418. Samples (50 mg.) of these walls were heated in 0.1 N-H,SO, (5 ml.) at 80 and 100". The release of KDO was followed by analysing samples by the method described below.
Isolation of the 2-keto-3-deoxy-sugar acids. The samples of bacterial walls (50 mg.)
were heated with 0-1 N-H,SO, (5 ml.) at rooo for 30 min. The residual walls were sedimented by centrifugation (17,000 g; I 5 min.). The supernatant fluid was neutralized with a saturatedl solution of Ba(OH),, centrifuged to remove BaSO,, and passed through a column (0.5 cm. long and 1-0 cm. diam.) of Dowex I (HC0,-form). The column was then washed with water (5.0 ml.) and the eluate and washings discarded.
The column was eluted with 0.5 N-ammonium carbonate (5 ml.), the eluate treated with an excess of Dowex :jO (H+ form) and the resin removed by filtration. Sodium arsenite (2 %, w/v in 0.5 N-HCl ; 0.5 ml.) was next added, shaken, and allowed to stand until the yellow colour was discharged (2 to 3 min.). Thiobarbituric acid (0.3 %, w/v, pH2-0; 2.0 ml.) was then added and, after shaking, the solution heated to 100" for 10 min. The pink solution was cooled to 4" (when it became cloudy) and shaken with 5-0 ml. of conc. liCl + n-butanol(5 + 95, vlv). After centrifugation the extinction of the coloured upper layer was measured in a spectrophotometer at 550 mp. Under these conditions an optical extinction of 0.430 was obtained from 0.025 pmole of KDO. -keto-3-deoxy-sugar acids (chromatographic standards) . These were prepared by aldol condensation between the appropriate aldose and oxaloacetic acid in alkaline solutions, as described by Ghalambor et al. (1966) . Glyceraldehyde gave a mixture of 2-keto-~-deoxy-gluconic acid (KDG) and 2-keto-3-deoxy-galactonic acid. These acids ran as one component in both solvents and were used as a chromatographic standard for KDG. Erythrose also gave a mixture of two a-keto-3-deoxyheptonic acids. The major component was used as a chromatographic standard for 2-keto-3-deoxy-heptonic acid (KDH). Authentic KDO was kindly supplied (as the penta-acetyl methyl ester) by Dr E. C . Heath; N-acetylneuraminic acid was purchased from Koch-Light Laboratories (Colnbrook), Bucks., England.
R E S U L T S
The determination of KDO depends upon oxidation with periodate under acid conditions to give P-formyl pyruvate, which is then reacted with thiobarbituric acid to form a chromagen with an absorption maximum at 550 mp. The assay of Weissbach & Hurwitz (1959) is'based upon these reactions but has been modified by extracting the 
chromagen into acid butanol (cf. the assay method for sialic acid, Aminoff, 1961) . This extraction step prevents precipitation which otherwise tends to occur at room temperature. The results obtained in this assay are largely specific for KDO : equimolar solutions of N-acetylneuraminic acid give less than 243 the colour reaction. The R , values of the series of 2-keto-3-deoxy-sugar acids are shown in Table I and it is apparent that the acids may be differentiated by paper chromatography in these solvents. Fig. I shows the rate of release of 2-keto-3-deoxy-sugar acids from walls of Escherichia coli and Klebsiella aerogenes by acid hydrolysis at 80 and 1 0 0 ' . The maximum release of these acids from both wall samples was obtained after heating for 30 min. at 100' and these conditions were used for all other wall samples investigated. Paper chromatography of hydrolysates prepared by the standard procedure showed the presence of KDO in nearly all the wall samples of Gram-negative bacteria examined. N-acetylneuraminic acid was found in only a few samples. In wall preparations of Gram-positive bacteria no trace of either KDO or N-acetylneuraminic acid was found. The results are summarized in Table 2 * KDO and N-acetylneuraminic acid were characterized and detected by paper chromatograph in solvents A and B while KDO was estimated by a modification of the method of Weissbach & Hurwitz (1959) . Laboratory strains are identified as I.s. Strains whose designations are unspecified in the text were gifts from Dr H. E. Wade and Dr J. Keppie of this establishment. heating samples with 0-1 N-H,SO, ( 5 ml.). KDO was estimated by a modification of the method of Weissbach & Hurwitz (1959) .
D. C. ELLWOOD

D I S C U S S I O N
Sialic acid occurs either as a polyneuraminic acid (called colominic acid) in several bacterial species or as part of other heteropolysaccharides, such as the K antigen, in other bacterial species (for review see Luderitz, Jann & Wheat, 1968) . A sensitive test for sialic acid is based on the formation of /3-formyl pyruvic acid upon periodate oxidation and the subsequent formation of a chromagen formed on heating the P-formyl pyruvate with thiobarbituric acid. This procedure provides the basis of quantitative estimation for sialic acid (Warren, 1969 ; Aminoff, 1961) . The periodate oxidation is carried out in 9 M-phosphoric acid in the Warren procedure and Aminoff used 37" for the oxidation. The high acid concentration or increased temperature is necessary to get a full release of /3-formyl pyruvate. However, KDO will also yield P-formyl pyruvate on periodate oxidation and thus give a chromagen with thiobarbituric acid identical to that given by sialic acid.
The Warren proce'dure was used by Aaronson & Lessie ( I 960) and Irani & Ganapathi (1962) , who considered the test to be sufficiently specific to demonstrate the wide distribution of sialic acid in bacteria. Vincent & Cameron (1967) , using the assay system of Weissbach & Hurwitz (1959) in which periodate oxidation is carried out at room temperature, showed that KDO occurred in a similar range of bacteria to those thought to cointain sialic acid by Aaronson & Lessie (1960) . Our results using room temperature far the periodate oxidation confirm in general the presence of KDO and absence of N-acetylneuramhic acid. Recently Hackenthal (1969) showed by ion exchange and paper chromatography that the group-specific polysaccharide of type C meningococci contained both KDO and sialic acid.
A further complication in comparing the present work with that of Aaronson & Lessie (1960) and of Vincent & Cameron (1967) is that they measured material reactive to thiobarbituric acid in hydrolysates of whole bacteria. These preparations would also contain 2-keto-3-deoxy-sugar acids involved in the metabolic pathways of bacteria. We have used wall preparations because this is the location of LPS and capsular fractions of the organisms. The walls were hydrolysed with acid under conditions known to produce maximum yields of thiobarbituric-acid-reactive material in Escherichia coli and Klebsiella aerogenes and there was no evidence for the presence of a-keto-3-deoxy-sugar acids with less than 8-carbon atoms.
Nearly all wall samples of Gram-negative bacteria contained KDO. The wide variation in amounts of KDO found may reflect differences in the composition of the walls of different bacteria. However, it is known that the KDO content of the wall of Klebsiella aerogenes depends on the way the organisms are grown. The faster they are grown under Mg-2+ limitation the more KDO is found in the wall, whereas under carbon-limiting conditions the KDO content of the walls falls with increasing growth rate (Ellwood & Tempest, 1967) .
Sialic acid was found with KDO in only three organisms, Achrornobacter lacticum ~~1~8 2 0 8 , Escherichia coli MRE 162 and E. freundii NCTC8165, but sialic acid was never found without KDO. Several Gram-negative bacteria appear to have no KDO in their wall, indicating that the LPS may be different in its structure. Kasai (1966) has shown that the LPS of Bordetella species do not contain KDO. None of the wall samples or Gram-positive bacteria examined contained either KDO or sialic acid except for Arthrobacter globiforrnis NCIB 8907, which contained a small amount of KDO. This organism is not unequivocally Gram-positive.
These results indicate that in contrast to the work of Aaronson & Lessie (1960) and Irani & Ganapathi (1962) , and in agreement with the work of Vincent & Cameron (I 967) , KDO is present in most Gram-negative bacteria. The latter authors also found thiobarbituric-acid-reactive material in Gram-positive bacteria. However, KDG and KDH occur as normal metabolites in bacteria and would give a thiobarbituric acid reaction in hydrolysates of whole organisms.
Thanks are due to Mr G. R. G. Moody for expert technical assistance.
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